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ABSTRACT 

Carcsfully  scrrtc,rlcd trarlsosondc  flights  are  malyzed  for cxvidenct.s of itlc:rtial oscillations. Thc most frequetlt 
pt.riod of wind speed oscillat,iorl along these Bights  is found t o  t)c 12 hr.,  considcrably  shorter  than  the theoretic:ll 
mode for  inertial oscillatiorls. However,  when  the data are  subdividcd  according  to  latitude,  there is a tendency 
for  wind speed  oscillations  appropriate  t>o  the theorcstical inertial pt'riod to  occur  with  abovc rtvcrage frequency. 
This tendency is lcss pronounced  whrrl  the  pcriod of wind spcwl oscillation is cornpared with  thc  curvature of the 
gcostrophic flow and is scarcely  noticeable when the pvriod of oscillation is compared with  the  horizontal wind 
shear. Combining  these  effects,  it is shown  that,  to a good  :Ipprosiln:ttiou, wind  speed oscillat,iotls of above  aver- 
age  frequency vary with  thc  absolute  (geostrophic)  vorticity  along  the  trajectories  in  the Inanncr theoretically 
prescribed  for  irrertial  oscillations. There is also a tendcncy for it11 :tbove averrtgc frequency of very short period 
wind oscillations whvu tlw :trlticyclorlic angular  velocity of the flow is largc,. It is tcntatively  suggested  that  this 
phenomenon is associated with  thc  occurrcncc of "a\morm:tl" flow. 

1. INTRODUCTION 

During  t8he  period 1957-59 thc  Unit'ed  St'ates Navy 
laurlched constant  level  balloons  (transosondes)  from 
Iwakuni,  Japan  at  the  rate of about  onc  flight every two 
days. The balloons were set to  float at 300 or 250 mb. 
with  tllc  flight duration  pre-set at 4 to 5 days.  Balloon 
positioning  was  accornplishcct at 2-hr.  irlt'ervals by means 
of int,crcepts  obt'ained from the  radio direction-finding 
networks of' the  Unit'cd  States Navy and  the  Federal 
Conlnlunications C'orrlmission (FCC). For details of 
t'ransosondc operation  in general, and t'hese  operational 
flights in  part'icular,  see  articles  by  Anderson  and  Masten- 
brook [l]  arld Angel1 [ 2 ] .  

The present  art'icle deals solely with t'he evidence  for 
inertial  oscillations to  be  obtained  from  these  opcrat'ional 
flights €roll1 Japan.  Inertial oscillations arc t'tlose  oscilla- 
tions  which an air  parcel,  disturbed  from  geostrophic 
equilibrimll,  undergocs if t'here are no forces acting OR thc  
parcel other than pressure  gradient  and (~'oriolis  forces. 

If the  ge~st~rophic  wind field is  const'ant  in  space  and 
time, the inertial  period  is  given by 2 ~ ) f  where j is the 
Coriolis parameter.  Under  these  special  conditions thc 
inertial period  increases with decreasing  Iat'itudc, possess- 
ing a value of about 18 llr.  at  lat'itudc 40°. If the gco- 
strophic wind  field is  not corlst'arlt  in space and t'ilrle the 
theoretical  determination of the  inertial  period is not so 
simple.  Wit>ll t'he assumption that wit'hin a small area 
the geost'ropllic  wind  field may he  approximated by a 
st'ream  function  quadratic  in x, y, and t (horizontal  space 
coordinattes arld tirue),  Perkins 131 has  shown  that, dis- 
regarding the convergence or divergence of cont'ours,  the 

inertial  period  equals (f+f,)"'z hall  pendulum-days 
whr1r.e j and fg (the  relative  geostrophic  vort,icit,y) are 
evaluated  in titrlc units of half pendulum-days  divided by 
2n (;.e., j= 1). Thus  the  inertial period is increased if 
the geostropl~ic wirltl shear is anticyclonic and there is 
antic.>-c~lorlic curvsturc of isobars or contours.  In t'he 
extrenle case, :LS tlw ahsolut>e  geostrophic  vorticit'r ap- 
proac-hcs zero, the irlert,ial  period  approaches  irlfirlit'y  and 
inertial  instabilitv is said  to  exist. I n  this  paper  the 
variation of tr.aIlsosollde-tlerived  wind  speed  pcriodicities 
with respect t'o the ('oriolis  parameter  (latitude)  and 
relative geostrophic. vorticity  (horizontal  shear and angular 
velocity) is compared wit'll the  theoretical  variation of 
the irlc.rtia1  pclriotl with  respect  to  these  parameters as 
detc~r~rrintd I'rolll Perkins'  equation. 

2. PROCEDURES 

Owing to  the r~clatively  small  nlilgrlitude ol inertial 
oscill:ttiorls, it is  llecessary to restrict  the  analysis  to the 
I I I O I ' A  trccurtltely  positioned segments  ol  transosonde 
t rnjectorics.  Accordingly,  only  portions of trajectories 
east of' the 180th  ~neridi:tn  which were accurat'ely  positioned 
by thc FCC lor at,  least 36 hr. were  ut'ilized  in this  inves- 
tigation. E v e n  wit11 this screening some smoothing of 
the d:tt:L appc:lred  desirable. The  srnoothing corlsisted of 
R one-two-one  weighting of each  2-hourly  latitude  and 
longitude.  Tlle  velocity was then  determined  from  the 
distmce and direct,iorl between  successive  2-hourly 
stnoothcd  positions. For  this  particular  analysis,  only 
the wind speed is investigat,ed from the viewpoint of 
inertid oscillations. 
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the  nutuber of hours  between speed rrm&lla  and betwecn 
speed rrlinirna corresponds well to  t'he t1leoretie:tl inertial 
period for the given  1:ttitudc and  furtherrnore  that  ttlc 
speed m:c&1:L occur near t'he crests of the srna11, wave-like 
oscillations  along t,lle trajectory, as would  be  expected ol' 
inertial  oscillations. The best evidence for inertid 
oscillat,iorls dong  individual  trajectories  has been fourltl 
with  such a trajectory  configurntion,  namely, when a lorig 
fetch exists between  crest and downstrcanl  trough  line. 

4. STATISTICAL  EVIDENCE FOR INERTIAL 
OSCILLATIONS 

Let8 us  now  look at  the  statist,ical  evidence for inertial 
oscillat'iorls. The it'alicized  numbers  along  the  bot'tonl of 
figure 2 indic.at8c the percentage of wind speed oscillations 
of given  period  along tlre  t'ransosontlc  trajcct,ories. Thus, 
12.8 percent of' the more than 500 wind speed oscihtiorls 
were ol' 12-tu.. period  (modal  value) whereas only 9.3 per- 
cent, were of 18-hr.  period.  Ckrtairdy  the frequency 
histogran1 is peaked at a lower  period  t8han  would  theo- 
ret,ically  be  expect'ed of pure inertial csc.illations. Tt is 
difficult t,o state how significant  t'llis  dcviation  is l~ccausc, 
on t,tw one hand, a bias  toward  relatively  ~ligh-freqllenc?- 
oscillat8ions  is introduced by errors in t'ransosontlc  posi- 
tioning hut,,  on the other hand, v e r ~ - - l ~ i g l ~ - f r c q u c r ~ c ~ ~ ~  
oscillations are eliminated by t8he  smoothing of the 
posit,ions. Faced with the fact, that,  the  modal  period o l  
wind s p e d  oscillation  derived from the  t,ransosonde  data 
does not  coincide with t'he period to be  expected of inertial 
oscillations,  let, us investignt,e  tmhe manner in which the. 
l'rcqucncy of wirrtl speed oscillation a t  a givcn pcriotl 
varies wit81r lat,it,ude,  curvature of tmhe  geostrophic flow, 
and  llorizont8al shear of t8he  geostrophic  wind, i.e., those 
paramcters w11ict1 induce a variation  in the  inertial period. 

LATITUDE  EFFECT 

If inrrt'ial  oscillations are prrscnt,  thrrl  within  an>- givrrr 
lat8itudc  band  there  should hc a greater perwnt:Lgc ol' 
wind  speed  osc4llations of period  equal t,o t hc inertial 
period t811an at, other latit8rrdes where t,he  inertial pcriotl 
would be different'. I n  order to ut'ilim  this  reasoning, l'or 
each  latitmutlc  band  tlle percentage of' wind speed oscilla- 
tiorls of given  period was detert~~ined and then, I'or cach 
period, t'lle deviation of this  percentage lrom t'hc I I ! C ~ I I  

value lor all latitudes  was  evaluat,etl. 'I'hus in figure 2 
tmhe  number " 3 . 2  at a period ol' 14 11r. and a latitudc of 30" 
means  t'llat'  12.1-3.2 or 8.9  pcrccnt of the wind spcctl 
oscihtions at, latitude 30" were of 14-hr.  pcriod. O I I  the 
ot8herltarld at  latitude 5 0 °  12. l f4 .6  or 16.7 percent  ol tile 
wind speed oscillations were of 14-111.. period. On this 
basis, the stippled areas in figure 2 indicate  those periods 
and  lat8it8udes which p o s s c ~  an above average perccwtagc 
of wind speed oscillations. It is  irlmlctliately apparrnt 
that  the t'rentl of the nlain  stippled area agrees well with 
the  theoretical  variat'ion  with  lat8itude of t8hc  inertial 
period, as given  by  t'tlr  tiott>ed  line  in figure 2. Thus  thcrc 
is fairly  convincing evitlerlc*e lor an abovc average  per- 
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PI~;I-RE j.--Transosonde-derived  wind  speed  periodicity as a  func- 
tion of horizontal  geostrophic  wind  shcar (11 directed to  the left 
of the trajectory looking  downstream). The stippled  area shows 
where  thc  wind  speed  pcriodicities are of above  average  fre- 
quency whilc the  dotted  line  indicates  t'he  theoretical  variat>ion 
of inertial  period  with  horizontal  geostrophic wind shear. 

cylonic (negative)  value. It is seen  from  the  ordinat'e 
values that  these  short~-period  oscillations  occur when 
the flow is  on the verge of being  "abnormal" or 
anomalous, t'hat is,  on  the verge of possessing anticplonic 
rotation  in  space. It may be  that  under such  extreme 
conditions a different  tvpe of stability and periodicit,y is 
to bc expect'cd. 

SHEAR EFFECT 

The last  feature  to  he  examined  is  the  variation of wind 
speed  prriod  wit'h  horizontsl  (geostrophic) wind shear. 
Since it is impossible to  obtain the horizontal  wind  shear 
from a single t'rarlsosonde t>rajectory,  it is necessary to 
utilize  analyzed ~nnps  to  obtain  values of this quantit?. 
Consequentl~-, for  the first time we are forced to  use dat'a 
not derived  directly froln the  transosondes themselves, 
thus  int,roducing il  subjective  clement  in t h e  analysis. 
The maps used to obtain  values of the horizontal geo- 
strophic  wind  shear  along  the  trajectories were National 
Wetltller h d y s i s  Center  nlaps for 300 and 250 nib. 
The sllcar was evaluated at' 12-hr. intervals a t  the posi- 
tion of the trarrsosonde at  map  tinle (using a 5' grid) 
tu l t l  then  linear  interpolation  was  applied t'o estimate  the 
mcan  value of the shear over t he  given  wind  speed  period. 
Figurc 5 shows the percentttge  deviation of wind  speed 
oscilltttiorls as t~ l'unct'ion of period :tnd horizonttll geo- 
strophic  shear.  Obviously, there is lit'tle association 
1)etween theoretical  inertial  period and above  average 
frequency of wind  speed  periodic,it,y. Tntcresting1.v 
enough,  I~owevcr,  there is evidence ol frequent  short- 
period  oscillations  in  wind  speed  both  when the shear is 
strongly  cyclonic :tnd strongly  anticyclonic,  in agree- 
ment '  with  t'he  results presented in figure 3. Since shear 
and angular  velocity (or curvature) would riot' be expec,t'ed 
to he relatrd, this  finding  tends to confirm  t'he  observtltion 
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FIGURE 6.-Transosonde-derived wind speed periodicity as a furlc- 
tion of absolute  (geostrophic)  vorticity  along  the trajrctory. 
The  stippled  area shows wherc  the  wind  spced  pcriodicities  arc 
of above  average  frequency while the dotted line  indicates  the 
theoretical  variation of inertial  period  with  absolute  (geostrophic) 
vorticity. 

that wind speed oscillations  along a trajectory arc of‘ 
shorter  period  when  the  absolute  magnitude of the vor- 
ticit’y  along  the trajectory  is  large. 

COMBINED  EFFECT 

It was shown  in  the  introduction  that  with cert:rin 
approximations  the  theoretical  inertial  period  is a function 
of t,he  absolute  geostrophic  vorticit’p  along  t,he trujec3tory. 
Therefore,  t,he  inertial  periodicity  should  show  up most 
clearly  in the wind  speed  oscillations if t’lle above effects 
of eart’h vorticity- (function of latitude)  and geostrophic. 
vorticit,y  due to  shear  and  curvature  are  combined. 
Figure 6 shows  t’he  results  obtained by carrying  out such 
a combination of paramcters. I n  view of the  clear-cut 
influence of the  latitude upon the  inert’ial  period (fig. 2 )  
it is not  surprising  that  in  figure 6 as wcll there is  good 

agreement betweell theoret’ical  inertittl  period  as a func- 
tion of absolute (geostrophic)  vorticity  (dot’ted  line)  and 
t’he  stippled area representing  regions of above  average 
frequcnc~y of wind  speed oscillatiorrs. This  agreement 
diminishes  at,  relatively  small vtrlues of the  absolute 
vortivitJ-,  however, and, as stated previously, at these 
sn1:lll values wind  speed  oscillations ol very  short  period 
tend to prcdominate.  Further discussion of this  latter 
fitldillg will be reserved  for a subscquerlt  paper. 

5. CONCLUSION 

It has been  shown  that,  using  carefully  screened 
transosonde  data, good evidence  for  t’he  esist’ence of 
irlcrtinl  oscillations c ~ n  be obtained,  both  along  individual 
flights and stritisticwlly  utilizing the data from  all flights. 
Csing these same  carefully  screened data, other  analyses 
are planned dealing  with  phenomena  such as inertial 
insti~hility, “tlhnormtll”  flow, and the possible  lorecast 
implications oC :tgeostrophic flow a t  jet  stream  level. It 
is hoped t’hwehy to  retbp  till possil?le benefits from the 
anique dttt:t obtainable  from  this  series of operational 
trt~nsosorltle  flights. 
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